1. Introduction {#s0005}
===============

Sulfur powder, is solid at room temperature, mainly from the exploitation of natural gas, oil and natural sulfur mine. Reactive sulfur in general, it can burn to sulfur dioxide, mixing with oxidants may explode, can react with the alkali metal ([@b0120]). An association between high levels of air pollutants and human disease has been known for more than half a century. Air pollution is composed of a heterogeneous mixture of compounds including ozone (O~3~), carbon monoxide (CO), sulfur dioxide (SO~2~), nitrogen oxides (NO*~x~*), liquids, and particulate matter (PM). Substantial epidemiological evidence implicates air pollution, particularly sulfur dioxide (SO~2~) and PM, as a major risk factor with serious consequences on human health ([@b0005], [@b0015], [@b0030]). Of particular interest in PM are the particles that are ⩽10 μm in diameter (PM~10~) because they are the PM that ultimately enters the lungs, which may make the person allergic and sick. Globally, the number of people receiving TB therapy grew to 5.4 million in 2013, from 1.0 million enrolled in the DOTS (directly observed treatment, short-course) program in 1995 ([@b0110]). Sulfur powder and sulfur dioxide (SO~2~) often floated in air. If this was inhaled in vivo, it could cause diseases.

Activated carbon can use almost any type of carbon materials, such as wood ([@b0120]), sawdust, coal ([@b0025]), shells ([@b0105]), the stone of the fruit, bagasse, oil waste, waste plastics ([@b0070]), paper and leather scrap ([@b0055]), waste tires, urban waste, etc ([@b0100]). Activated carbon with highly developed porous structure and huge specific surface area ([@b0060]), good chemical stability and thermal stability, high mechanical strength and surface contains a variety of oxygen containing functional groups ([@b0095]; [@b0065]). What's more, activated carbon, which contained potassium, calcium and other minerals, could have adsorption and filtration of extractives, oil, sulfur-based compounds, other matters ([@b0045], [@b0115], [@b0040], [@b0010]). Therefore, activated carbon has a strong adsorption, and at the same time can make high dispersed catalyst load system, and as a reducing agent to participate in the reaction, reduces the reaction temperature ([@b0090]). Activated carbon adsorption method is simple, no secondary pollution, can be very good for adsorption of sulfide in the air (Lin et al. 2015; [@b0075], [@b0080], [@b0085], [@b0090]) that was beneficial for people's health. In order to figure out the optimal adsorb condition and the intrinsic change of the activated carbon, five chemicals were adsorbed by activated carbon and were analyzed by FT-IR.

2. Materials and methods {#s0010}
========================

2.1. Materials {#s0015}
--------------

Activated carbon, Na~2~SO~3~, Na~2~S~2~O~8~, Na~2~SO~4~, Fe~2~(SO~4~)~3~ and S were purchased from the market.

2.2. Methods {#s0020}
------------

Five kinds of pharmaceutical powders were weighed to 25 g, respectively. These powder and 4 g activated carbon were put into the closed vessel, respectively. It was left in closed vessel for 20 min, 40 min, 60 min, 80 min, 100 min and 120 min, respectively. Each activated carbon was removed, dried, weighed, respectively.

FT-IR spectra: FT-IR spectra of the above samples were obtained using a Thermo Scientific Nicolet iN10 FT-IR microscope as previously mentioned (Lin et al., 2015; [@b0075], [@b0080], [@b0085], [@b0090]).

3. Result and analysis {#s0025}
======================

Based on the above test, the result of adsorption was obtained and is listed in [Table 1](#t0005){ref-type="table"}.Table 1Adsorption results.Adsorption time \[min\]20406080100120Na~2~SO~3~5.019.239.6811.911.916.3Na~2~S~2~O~8~5.946.9312.41715.317.7Na~2~SO~4~5.994.245.996.487.5415Fe~2~(SO~4~)~3~7.216.278.9312.113.316.8S9.510.211.613.616.819.5

3.1. SC effect {#s0030}
--------------

Based on [Table 1](#t0005){ref-type="table"}, Na~2~SO~3~'s adsorption capacity was 5.01 g/100 g, 9.23 g/100 g, 9.68 g/100 g, 11.9 g/100 g, 11.9 g/100 g, 16.3 g/100 g; Na~2~S~2~O~8~'s adsorption capacity was 5.94 g/100 g, 6.93 g/100 g, 12.4 g/100 g, 17 g/100 g, 15.3 g/100 g, 17.7 g/100 g; Na~2~SO~4~'s adsorption capacity was 5.99 g/100 g, 4.24 g/100 g, 5.99 g/100 g, 6.48 g/100 g, 7.54 g/100 g, 15 g/100 g; Fe~2~(SO~4~)~3~'s adsorption capacity was 7.21 g/100 g, 6.27 g/100 g, 8.93 g/100 g, 12.1 g/100 g, 13.3 g/100 g, 16.8 g/100 g; S's adsorption capacity was 9.5 g/100 g, 10.2 g/100 g, 11.6 g/100 g, 13.6 g/100 g, 16.8 g/100 g, 19.5 g/100 g for adsorption time of 20 min, 40 min, 60 min, 80 min, 100 min and 120 min, respectively. It showed that adsorption capacity changed at regularity difference. It might be because rapid stirring led to a small amount of five kinds of pharmaceutical powders on the surface of the activated carbon. The optimal adsorption times were 120 min of Na~2~SO~3~, 120 min of Na~2~S~2~O~8~, 120 min of Na~2~SO~4~, 120 min of Fe~2~(SO~4~)~3~ and 120 min of S ([Table 2](#t0010){ref-type="table"}).Table 2Groups of activated carbon during adsorption of Na~2~SO~3~, Na~2~S~2~O~8~, Na~2~SO~4~, Fe~2~(SO~4~)~3~ and S (%).KindPeak (cm^−1^)Adsorption time (min)Group20406080100120Na~2~SO~3~60089.890.689.989.376.587.5C---H111090.489.085.287.374.887.7C---O stretch139090.689.689.389.178.189.3CH~2~ bend163086.886.786.286.675.186.2CO or CC292087.587.287.386.676.986.8---C---H stretch343075.578.777.577.864.975.9O---H stretch374089.288.087.789.375.790.4H~2~O385089.488.788.689.676.590.3S---S stretch  Na~2~S~2~O~8~60076.091.389.990.487.583.7C---H111076.190.589.589.385.483.3C---O stretch139076.190.589.889.986.785.5CH~2~ bend163073.686.986.587.185.584.6CO or CC292072.987.188.387.687.687.2---C---H stretch343063.675.774.875.979.977.3O---H stretch374072.189.289.989.188.788.8H~2~O385072.589.489.589.389.289.0S---S stretch  Na~2~SO~4~60091.988.094.175.670.580.7C---H111090.087.092.774.472.181.5C---O stretch139090.889.192.075.972.682.1CH~2~ bend163086.786.087.973.670.779.7CO or CC292087.385.488.073.572.481.4---C---H stretch343075.275.077.264.465.172.4O---H stretch374087.889.488.373.971.680.8H~2~O385088.689.388.874.272.481.6S---S stretch  Fe~2~(SO~4~)~3~60093.089.891.790.890.886.9C---H111091.188.690.390.089.686.2C---O stretch139091.690.191.090.291.488.8CH~2~ bend163087.586.188.086.887.586.1CO or CC292087.086.887.087.486.085.5---C---H stretch343077.675.577.876.476.575.6O---H stretch374087.588.089.889.689.590.1H~2~O385088.388.789.689.689.689.9S---S stretch  S60090.487.583.389.888.991.7C---H111090.987.284.690.288.990.8C---O stretch139090.287.484.690.389.590.3CH~2~ bend163086.985.982.087.485.887.1CO or CC292088.088.082.888.487.088.0---C---H stretch343077.280.473.477.573.778.1O---H stretch374089.288.784.590.289.388.4H~2~O385089.389.384.390.089.489.1S---S stretch

3.2. FT-IR analysis {#s0035}
-------------------

FT-IR spectra were recorded to investigate the functional groups of activated carbon during adsorption of Na~2~SO~3~, Na~2~S~2~O~8~, Na~2~SO~4~, Fe~2~(SO~4~)~3~ and **S**. Spectra of the samples were shown in [Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"}, [Figure 3](#f0015){ref-type="fig"}, [Figure 4](#f0020){ref-type="fig"}, [Figure 5](#f0025){ref-type="fig"}. In the spectrum of adsorption, the S---S stretch, H~2~O stretch, O---H stretch, ---C---H stretch, conjugated CO stretch or CC stretch, CH~2~ bend, C---O stretch and acetylenic C---H bend vibrations were observed at 3850 cm^--1^, 3740 cm^--1^, 3430 cm^--1^, 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^, respectively. For FT-IR spectra of Na~2~SO~3~, the transmissivity of the peaks at 3850 cm^--1^ and 3740 cm^--1^ achieved the maximum for 120 min, the transmissivity of the peaks at 3430 cm^--1^ and 600 cm^--1^ achieved the maximum for 40 min, the transmissivity of the peaks at 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^ and 1110 cm^--1^ achieved the maximum for 20 min.Figure 1FT-IR spectra of activated carbon during adsorption of Na~2~SO~3~.Figure 2FT-IR spectra of activated carbon during adsorption of Na~2~S~2~O~8~.Figure 3FT-IR spectra of activated carbon during adsorption of Na~2~SO~4~.Figure 4FT-IR spectra of activated carbon during adsorption of Fe~2~(SO~4~)~3~.Figure 5FT-IR spectra of activated carbon during adsorption of S.

For FT-IR spectra of Na~2~S~2~O~8~, the transmissivity of the peaks at 3850 cm^--1^, 3740 cm^--1^ and 2920 cm^--1^ achieved the maximum for 60 min, the transmissivity of the peaks at 3430 cm^--1^ achieved the maximum for 100 min, the transmissivity of the peaks at 1630 cm^--1^ achieved the maximum for 80 min, the transmissivity of the peaks at 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 40 min.

For FT-IR spectra of Na~2~SO~4~, the transmissivity of the peaks at 3850 cm^--1^ and 3740 cm^--1^ achieved the maximum for 40 min, the transmissivity of the peaks at 3430 cm^--1^, 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 60 min.

For FT-IR spectra of Fe~2~(SO~4~)~3~, the transmissivity of the peaks at 3850 cm^--1^ and 3740 cm^--1^ achieved the maximum for 120 min, the transmissivity of the peaks at 3430 cm^--1^ and 1630 cm^--1^ achieved the maximum for 60 min, the transmissivity of the peaks at 2920 cm^--1^ achieved the maximum for 80 min, the transmissivity of the peaks at 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 20 min.

For FT-IR spectra of S, the transmissivity of the peaks at 3850 cm^--1^, 3740 cm^--1^ and 2920 cm^--1^ achieved the maximum for 80 min, the transmissivity of the peaks at 3430 cm^--1^ achieved the maximum for 40 min, the transmissivity of the peaks at 1630 cm^--1^, 1390 cm^--1^ and 600 cm^--1^ achieved the maximum for 120 min, the transmissivity of the peaks at 1110 cm^--1^ achieved the maximum for 20 min.

4. Conclusion {#s0040}
=============

Na~2~SO~3~'s, Na~2~S~2~O~8~'s, Na~2~SO~4~'s, Fe~2~(SO~4~)~3~'s and S's adsorption capacities were different for adsorption times of 20 min, 40 min, 60 min, 80 min, 100 min and 120 min, respectively. The optimal adsorption times were 120 min of Na~2~SO~3~, 120 min of Na~2~S~2~O~8~, 120 min of Na~2~SO~4~, 120 min of Fe~2~(SO~4~)~3~ and 120 min of S.

FT-IR spectra showed that activated carbon had the eight characteristic absorption bands. And the S---S stretch, H~2~O stretch, O---H stretch, ---C---H stretch, conjugated CO stretch or CC stretch, CH~2~ bend, C---O stretch and acetylenic C---H bend vibrations were observed at 3850 cm^--1^, 3740 cm^--1^, 3430 cm^--1^, 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^, respectively. For FT-IR spectra of Na~2~SO~3~ the transmissivity of the peaks at 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^ and 1110 cm^--1^ achieved the maximum for 20 min. For FT-IR spectra of Na~2~S~2~O~8~, the transmissivity of the peaks at 3850 cm^--1^, 3740 cm^--1^ and 2920 cm^--1^ achieved the maximum for 60 min the transmissivity of the peaks at 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 40 min. For FT-IR spectra of Na~2~SO~4~, the transmissivity of the peaks at 3430 cm^--1^, 2920 cm^--1^, 1630 cm^--1^, 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 60 min. For FT-IR spectra of Fe~2~(SO~4~)~3~, the transmissivity of the peaks at 1390 cm^--1^, 1110 cm^--1^ and 600 cm^--1^ achieved the maximum for 20 min. For FT-IR spectra of S, the transmissivity of the peaks at 1630 cm^--1^, 1390 cm^--1^ and 600 cm^--1^ achieved the maximum for 120 min. In these states, the number of the transmissivity of the maximum peaks is the largest.
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